This study investigates the effects of rail joints on the dynamic behaviour of railroad bridges through a dynamic experiment. The subject bridge is a typical steel plate girder railroad bridge. The bridge is 53.4m long, and consists of four simply supported spans (4@12.10m). Rail joints are positioned in the third span. It is 1.8m away from the starting point of the third span. The regular service train applied the dynamic loading. The test train is composed of one diesel locomotive and seven passenger carriages, which is commonly running on the existing railroad lines in Korea. The range of measured speed is from 19.1 to 124.0km/hr. Accelerometers are installed at the bottom flange of the centre of the third span to acquire a bridge response caused by the rail joint. For comparison, another accelerometer is installed at the same position of the first span, which has no rail joint. From the measured results, Peak vale (PV), root mean square (RMS) and dynamic amplification factor (DAF) value analysis are performed in order to compare the instantaneous maximum and mean amplitude of acceleration at each span. The result shows a significant increase in the acceleration of the span with joints. In addition, DAF is from 0.22 to 1.92 for the measured speed zone. The result also shows that rail joints on a bridge produce an impact effect. Thus, it increases the dynamic response of the bridge and deteriorates ride comfort.
Introduction
The dynamic behaviour of a railroad bridge is affected by not only the interaction between the bridge and track, but also the interaction between the train and the track. This is because train running along the fixed path of the track changes according to the condition of the contact surface. The irregularity of the track surface produces dynamic load. In this condition, the variation of dynamic load is large. In particular, defects or rail joints on the track with discontinuous contact surface results in considerable high impact load. The calculation methods of dynamic load caused by defective tracks have been studied by Jenkins [1] and Alias [2] . However, there are insufficient empirical data on what direct effects rail joints have on the behaviour of the bridge. In order to prevent discontinuous operating conditions caused by rail joints, most high-speed railroads adopt continuous welded rail (CWR). However, many existing bridges using standardlength rails (SLR) have rail joints on them. The steel plate girder bridge is a typical structure of short-span, high-strength and high-frequency bridges. It is commonly connected to sleepers without ballast. So, it is most vulnerable to acceleration.
The present study measured the vertical acceleration of bridges with joints and those without in steel plate girder bridges, and examined the effect of rail joints on the dynamic response of bridges through analyzing the PV, RMS and DAF values from measured acceleration.
General theory of impact load caused by a rail joint
Rail joints that have a geometrically discontinuous section with the adjoining rail are largely divided into upward bump, downward bump, joint gap and bump with a break. Depending on the form of discontinuity, the pattern of impact increase is different. It is known that impact from speed is high in order of upward bump and bump with a break, and in these forms of discontinuity impact is proportional to speed. In downward bump and joint gap, however, impact does not increase along with the rise of speed.
Impact load consist of a short-time peak (P1 load) and a delayed peak (P2 load). The short time peak is associated with battering of the rail-end corner by the unsprung mass of the wheel set. The delayed peak is associated with rail bending, which is a more resilient deformation mode than corner batter. Each force is described by the following equations, as given by Jenkins [1] . The above equations indicate that speed and dip angle have most significant influence on dynamic loads at a rail joint. Other properties of track have relatively weak effect on dynamic loads.
3 Dynamic testing of a steel plate girder railroad bridge
Bridge description
The subject bridge is a typical steel plate girder railroad bridge located at 290.927 km from Seoul to Busan. The bridge is 53.4m long, and consists of 4 66m from each point part to the centre of the girder, so a total of 4 vertical bracings are installed. This is the same for all of the 4 spans. The height of each girder is 1.047m, and the space between two girders is 2.11m. As can be seen in figure 2 , a rail joint is positioned 1.8m apart from the starting point of the 3rd span. It is situated on a sleeper and at the same position on the left and right rails, as shown in figure 3 . The joint has a gap 10mm axially, 0.5mm vertically and 0.3mm horizontally. Test train.
Train description
A test train consists of one diesel locomotive and 7 passenger carriages, as shown in figure 4 . It is commonly running on the existing railroad lines in Korea. The diesel locomotive is 20.287m long, 3.128m wide, and 4.254m high. It is composed of two bogies and each bogie has three axles. The load per axle is 215kN. The distance between two axles is 1.854m, also the distance between the centres of the bogies is 12.497m. Each of the passenger carriages connected to the diesel locomotive is 23.5m long, 3.2m wide and 3.7m high. It is composed of two bogies and each bogie has two axles. Load per axle is 98kN. The distance between two wheel axles is 2.3m, and the distance between the centres of the bogie is 15.9m.
Experimental program
Accelerometers are installed at the bottom flange of centre of 3rd span to acquire bridge response caused by rail joint. For comparison, another accelerometer is installed at the same position of 1st span which has not rail joint. The accelerometers used in the experiment can measure within the maximum range of 5G. Because this was an experiment on acceleration caused by the operation of an ordinary train, we attached wheel load gauges at 10m before entering the 1st span. Signal data were collected during the train passing the subject bridge. A total number of measured data for 45 hours is 30. All data are filtered through the 100Hz low pass technique. This study compare the acceleration response in the 1st span without a rail joint and the 3rd span with a rail joint to examine the effects of rail joints for each speed band. In measuring, the data sampling rate was set as large as 2000 to prevent the omission of acceleration peaks in the section where the rail joint exists. The regular service train applied the dynamic loading.
Experimental observations

Test results
As an example, a vertical acceleration time history in the 1st and 3rd span for train running at speed of 122km/hr are as in figure 5 and figure 6. It shows a significant increase in the acceleration of the span with joints. It also shows that not only instantaneous maximum acceleration but also general acceleration is high. The peak value (PV) of vertical acceleration for each speed band was calculated based on the result of filtering measured acceleration at 100Hz. The result is presented in table 1 and figure 7. It is from 1.07 to 3.55 times higher in the span with a rail joint than in that without. The result shows that the instantaneous maximum acceleration of the subject bridge increases significantly by impact load generated by the rail joint.
Root Mean Square (RMS) is an equation to calculate the mean amplitude of signals alternating between plus and minus like vibration. If the representative value is calculated using the maximum amplitude of acceleration signals measured, it may be distort analysis from abnormal signals. RMS can be used as a supplementary indicator for preventing this apprehension. RMS is described by the following equations. The RMS of acceleration for each speed band is analyzed based on the result of filtering acceleration measured in each span at 100Hz. The result is presented in table 1 and figure 8. It is from 1.22 to 2.92 times higher in the span with a rail joint than in that without. This result shows that the mean amplitude of acceleration in the steel plate girder bridge increases significantly by impact load generated by the rail joint 
Discussion of results
The basis for determining the dynamic factors were provided by Office for Research and Experiments (ORE) specialists committee D23 [6] . When service trains pass over a bridge, the resulting oscillations increase the load by a quantity φ made up of the sum of two components. The first component is '  , which is the proportion applicable for a track in perfect geometrical condition. Another components is ''  , which is the proportion representing the effect of track irregularities. ''  can be adopted the parameter of comparison with measured result. It is described by the following equation 4. φ'' of the subject bridge is calculated 0.99. The calculated DAF from measured data are presented in table 1 and figure 9 with the φ'' value. Increasing speed of the test train results in a gradual increase in the DAF. Moreover, the DAF is apt to be larger than φ'' value in the high speed zone.
Summary and conclusions
The dynamic behaviour of a railroad bridge is affected by not only the interaction between the bridge and track, but also interaction between the train and the track. This is because train running along the fixed path of the track changes according to the condition of the contact surface. The irregularity of the track surface produces dynamic load. In this condition, the variation of dynamic load is large. In particular, defects or rail joints on the track with discontinuous contact surface results in considerable high impact load. The calculation methods of dynamic load caused by defect of tracks have been studied by Jenkins [1] and Alias [2] . However, there are not sufficient empirical data on what direct effects rail joints have on the behaviour of the bridge. In order to prevent discontinuous operating condition caused by rail joints, most of high-speed railroads adopt continuous welded rail (CWR). However, many of existing bridges using standard-length rails (SLR) have rail joints on them. The steel plate girder bridge is a typical structure of short-span, high-strength and high-frequency bridges. It commonly connected to sleepers without ballast. So, it is most vulnerable to acceleration.
The present study measured the vertical acceleration of bridge with joints and those without in steel plate girder bridges, and examined the effect of rail joints on the dynamic response of bridges through analyzing the PV, RMS and DAF value from measured acceleration.
